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blended with poly(lactic-co-glycolic acid) (PLGA) was conducted to determine the 
blends’ potential for use as scaffolding materials for tissue regeneration applications. The 
samples were synthesized with glycylglycine ethyl ester (GEG) acting as the primary 
substituent side group, with cosubstitution by phenylphenol (PhPh) and phenylalanine 
ethyl ester (EPA) to make the final product [1]. Blends of 25% polyphosphazene, 75% 
PLGA and 50% polyphosphazene, 50% PLGA were analyzed throughout the study. It 
was found that by the four-week mark, the degradation of all blends had led to a similar 
low pH near 2.7. The blends of PNGEGPhPh-PLGA did not degrade as expected 
throughout the course of the study, with the 50-50 blend seeing a less than 40% mass loss 
and the 25-75 blend seeing a just over 60% mass loss. Through FTIR analysis, it was 
found that all samples degraded first at the intermolecular hydrogen bonds, leading to a 
separation of the polyphosphazene component and the PLGA. From there, the 
PNGEGPhPh-PLGA and PNEPAGEG-PLGA blends broke down differently - the former 
broke down into intramolecularly-bonded polymer microspheres, while the latter did not.  
Treating the pH data from this experiment as an outlier, as it did not agree with FTIR 
results or pH results from other studies, the blend should be successful in reducing acidity 
and subsequent pain at insertion sites as compared to pure PLGA [2]. However, further 





I would like to thank Dr. Kenneth Ogueri for allowing me to join him as an 
undergraduate researcher. He has provided hours of mentorship, guidance, and teaching 
as I have worked to complete my research in his lab. Without Ken, this thesis would not 
exist. I would also like to thank Dr. Cato Laurencin for allowing me to join his lab, and 
for taking on the role of my thesis research advisor. I would like to thank Dr. Curtis Guild 
for training me with the FTIR machine in IMS, and for supervising me during my 
research. Dr. Seok-Woo Lee, my Honors advisor, has been a huge help in guiding me 
during the writing and completion of my thesis paper. While the data was not used in this 
paper, I would additionally like to thank Ngoc Chau Vy for training me on the GPC 
device in IMS and allowing me to use it throughout my second semester of research. I 
would like to thank the H2O learning community in Werth Tower for putting on the 
Research Connections event that led to my meeting Ken and joining his research. Lastly, 
I would like to thank Rachel Thatcher for sanity-checking my work, and for acting as a 
sounding board for most of my ideas regarding this research. 
 iv 
ABBREVIATIONS 
ALP: Alkaline Phosphate 
ATR: Attenuated total reflectance 
FTIR: Fourier transform infrared analysis; in this paper, used to refer to FTIR (ATR) 
MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide, a dye used in the 
measurement of cell viability 
PBS: Phosphate buffered saline solution 
PLGA: poly(lactic-co-glycolic acid); also referred to as PLAGA 
PNEPAxGEGy: poly[(glycineethylglycinato)x(phenylphenoxy)yphosphazene]; x and y 




y: poly[(ethylphenylalanato)x(glycine- ethylglycinato)yphosphazene]; x 
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Regenerative engineering is a relatively new field that encompasses the elements of tissue 
engineering but takes it a step further – the field combines materials science, biomedical 
engineering, regenerative engineering, and stem and cell biology with the goal of 
regenerating complex tissues and ultimately, entire organ systems [3]. Regenerative 
engineering is especially viable when it comes to the field of bone regeneration – today’s 
solutions tend towards negative side effects, with autografts damaging bone removal 
areas, allografts potentially transmitting pathogens and illiciting immune responses, and 
xenografts being widely limited by barriers of the immune system [4]. Bone replacement 
has long been in place, from the times of wooden or animal bone teeth, but today the field 
has moved into biocompatible and ultimately osteoconductive materials [4, 5]. Dr. Cato 
Laurencin and Dr. Yusuf Khan, widely considered the founders of regenerative 
engineering, have described the potential use of scaffolds in the future of the field [5, 6]. 
Scaffold technologies, especially biodegradable forms, offer significant promise for the 
field of regenerative engineering. This paper will examine polyphosphazenes, 
specifically, as a biocompatible and biodegradable material that can be used in scaffolds 
and other short-term bone regeneration applications [7]. 
GENERAL REQUIREMENTS OF BIOCOMPATIBILITY 
Biocompatible materials are natural or synthetic materials that interface with living 
tissue, and are typically used to examine, modify, treat, or replace tissues and organs [8, 
9]. Biomaterials for tissue engineering, and all other biomaterials, cannot be 
carcinogenic, immunogenic, toxic, or teratogenic [8]. For regenerative engineering 
specifically, materials should have specific degradable, mechanical, chemical, and 
surface modification properties.  
There are four common levels of biocompatibility: biotolerable, bioinert, bioactive, and 
biodegradable. Biotolerable materials are separated from tissue at the implantation site by 
fibrous tissues, while bioinert materials simply do not react chemically. Bioactive 
materials bond with bone tissue and become coated with bone cells, and biodegradable 
materials break down over time and are absorbed into the body without releasing toxic 
byproducts. In the past, non-degradable dominated the field of medical implants. 
However, issues of implant stability and pain at or near implantation sites led to an 
increase of research into biodegradable structures [10]. Allowing the body to reassemble 
itself through a biodegradable scaffold limits the need for subsequent surgeries and leaves 
a strong, perfectly suited human bone behind rather than a superficial substitute.    
Materials being evaluated for use in the use in the body must undergo rigorous testing to 
ensure their safety. Tests include, but are not limited to, measurements of acute, subacute, 
and chronic toxicity, carcinogenicity, irritation, reactivity [11]. The difficulty of passing 
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these tests makes it desirable to create new biomaterials based on blends with currently 
established materials, as is done in this study.  
BIODEGRADABILITY 
Degradation of biomaterials in aqueous environments is a field still being actively studied 
[1,2,12,13], and the process is specific to each polymer. Overall, however, it can be 
generalized that the process involves a breakdown of the polymer into smaller and 
smaller sizes until ultimately the products are water-soluble. The processes of 
biodegradation are influenced by a number of factors, including the chemical reactions 
involved, geometry of the material, and the structure and development of pores [13].  
PLGA, the base material that is the focus of this study, degrades by hydrolysis of its ester 
bonds [14]. There are four main steps, consisting of hydration, initial degradation, 
constant degradation, and solubilization [14]. In the first step, water diffusion occurs; in 
the second, oligomers containing acidic end-groups autocatalyze a hydrolysis reaction 
[13]. In the third step, which begins once a critical molecularweight is reached, oligomers 
diffuse out of the polymer and significant mass loss begins. Finally, in the fourth step, a 
porous structure remains and homogeneous degradation occurs until the molecules 
remaining are small and fully water-soluble [13]. 
CELL-MATERIAL INTERACTIONS 
In biomedical applications, it is important that the materials used are able to absorb 
proteins – more hydrophilic materials are less protein absorbent and integrate faster into 
the body [15]. The materials should also encourage blood coagulation, platelet absorption 
and adhesion, and cell and bacteria adhesion. It is also required that the material be 
sufficiently able to allow the attachment and spread of connective tissue [16]. These 
properties allow the biomaterial to be more readily accepted by the body [17]. 
Parameters frequently used to determine biocompatibility of polymers in terms of cell-
material interactions include MTT cell viability assay, ALP, and scanning electron 
microscopy. ALP activity is often measured as an indicator of the presence of osteoblast 
cells and the generation of new bone [18]. MTT assay methods are used to evaluate 
cytotoxicity of materials, and provide information on cell proliferation and viability. 
Scanning electron microscopy can also be used to view material porosity and examine 
how cells are adhering to a scaffold [18].   
MECHANICAL AND PHYSIOCHEMICAL PROPERTIES 
Physiochemically, a material must be chemically stable to prevent undesirable reactions 
that speedup material degradation and introduce unfavorable byproducts that irritate the 
surrounding tissue. These negative byproducts can also travel through the body and cause 
undesirable actions elsewhere [17].  
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The mechanical properties desired for tissue engineering vary extensively depending on 
the implantation purpose and site. For example, materials used in the spine should have 
high compressive strengths, and materials in joints like the hip or knee must have a high 
fatigue resistance. Generally, ductility is important – at least 8% is the typically desired 
value. Materials should be hard to reduce wear, and have a high tenacity to prevent 
fracture. A Young’s Modulus close to that of bone (~ 30 kPa) is preferred for 
biomaterials because this aids in avoiding stress shielding and fractures, as well as 
ensuring uniform tensile distribution in the area and increasing functional stability [17]. 
The glass transition temperature is important as well, as materials for applications in 
which high mechanical properties are desired should have glass transition temperatures 
higher than the body’s temperature. For biodegradable scaffolds, initial mechanical 
properties are of the most interest as mechanical properties are expected to decrease with 
material breakdown.  
For the scaffolding application desired of the materials researched in this study, porosity 
is a fundamental requirement. An interconnected network of pores that does not 
compromise the structural integrity of the scaffold eases cell motion and ultimately 
allows tissue to grow through the material as it degrades [10].  
POTENTIAL FOR SURFACE MODIFICATION 
Surface modification is a unique property in that it allows materials to have different bulk 
properties than what is required for biocompatibility. Surface modifications can be 
physiochemical, or just involve the introduction of a surface coating. Physiochemical 
modifications include etching, chemical reactions, mechanical roughening or polishing, 
and patterning, typically with the intention of improving cell adhesion. The results of 
these modifications are dependent on material properties, however; for example, etching 
will occur more slowly on materials with a high degree of crystallinity due to their 
increased structural integrity [19]. Through the addition of surface functional groups, 
material chemical properties can be additionally manipulated. For example, in a study 
examining material adsorption of the protein fibrinogen, it was found that materials with 
amine, hydroxyl, and methyl surfaces are likely to form strong bonds with fibrinogen, 
while carboxyl surfaces see poor connection due to the domination of bonding with water 
[20]. Introducing surface coatings through methods such as grafting, covalent or non-
covalent coating, and thin film deposition are similarly useful [17]. One application of 
surface modification involves coating a hydrophobic material with a hydrophilic 
substance, which retains the stronger properties of the hydrophobic material while 
allowing easier cell integration [9].  
POLYPHOSPHAZENES AS BIOCOMPATIBLE MATERIALS 
This paper will examine the material class of polyphosphazenes, and their use in the field 
of bone regenerative engineering. Polyphosphazenes are a class of material that satisfy 
the above requirements well – they are strong, flexible, easily surface and bulk modified, 
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have non-toxic byproducts of degradation, and can be molded to meet the structural 
requirements of bone scaffolds. Polyphosphazenes consist of a flexible backbone of 
alternating nitrogen and phosphorus atoms, with two side groups attached to each 
phosphorus atom [21]. As stated in the chemical properties section, introducing different 
side groups in different ratios can influence chemical properties. Specifically for 
polyphosphazenes in this application, side groups can increase chemical stability, 
biocompatibility, biodegradability, and hydrophilicity. The side groups can also impact 
degradation speed and potentially negate any irritants produced in the breakdown 
process, which is especially useful in bone regeneration [22]. Controlled degradation 
prevents the material from breaking down before the surrounding cells have had 
sufficient time to grow, and ensures that the scaffold does not remain in the body so long 
that it hinders cell growth. Polyphosphazenes, especially with the addition of side groups, 
have a vast array of modifiable properties that make them especially useful as scaffolds in 
the field of bone regenerative engineering. 
The main material currently approved for use as scaffolding in hard tissue regeneration is 
the polyester PLGA [10]. It is known to create a porous structure that supports cell 
growth while maintaining mechanical stability during implantation. The main drawback, 
however, is that PLGA releases highly acidic byproducts while it degrades. Some success 
has been found in reducing implant site acidity by increasing the ratio of poly(glycolic 
acid), but this additionally leads to a slower degradation rate [10]. Through the blending 
of PLGA with polyphosphazenes releasing neutralizing byproducts, it is believed that 
many of the acidic byproducts can be eliminated. 
Specifically, in this report, PNGEGPhPh and PNEPAGEG blends with PLGA are being 
investigated. PNGEGPhPh-PLGA blends have been studied extensively by Deng, et. al., 
with similar methods as those employed in this study. The high mechanical properties of 
PNGEGPhPh-PLGA blends are due to the strong hydrogen bonds observed between the 
PNGEGPhPh side groups and the PLGA material. PNGEGPhPh is also known to 
promote cell proliferation and growth due to its porous structure [23]. Earlier studies have 
shown a significant improvement in the mechanical properties of matrix material when 
PLGA is blended with polyphosphazenes, with the elastic modulus more than doubling 
from 290.4±3.8 MPa to 744.5±58.9 MPa between some pure PLGA and PNGEGPhPh 
blends [22]. The ultimate tensile strength was shown to increase as well, from 3.4±0.1 
MPa to 6.1±0.3 MPa. pH of the blends was shown to be overall higher in the study by 
Deng, et al. Though not examined in this study, Deng, et al. found that the PNGEGPhPh 
blends were comparable to PLGA in terms of alkaline phosphatase activity over three 
weeks, indicating further strength as a candidate for scaffolding for tissue regeneration 
[24].  
Pure PNEPAGEG, as well as PNGEGPhPh, has been investigated heavily by Ogueri, et 
al. in preparation for blend studies such as this [12, 23]. The amino acid esters present on 
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both of these polyphosphazenes sensitize the polymers to break down over time, and the 
hydrolysis breakdown process leads to nontoxic degradation products. Depending on the 
type of polyphosphazene used, blending with PLGA can either increase or decrease 
degradation speed. Through the adjustment of side group bulkiness and chemical 
structure, the glass transition temperature, degradation speed, and degradation byproducts 
can all be varied extensively. The base PNEPAGEG and PNGEGPhPh used in this study 
were synthesized by Dr. Ogueri through thermal ring opening polymerization [23, 24]. 
The degradation studies conducted on these base materials saw favorable properties for 
the PNGEG75PhPh25 and PNEPA75GEG25 samples, so they were selected for continued 
blend analysis with PLGA [12, 23]. 
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PROCEDURE 
Five small beakers were gathered and polyphosphazenes and PLGA were added 
according to the ratios in Table 1. Either 25 mL of chloroform, or 25 mL of THF, and a 
stir bar were added to each beaker. The beakers were spun without heat until fully 
dissolved. The materials were then poured into Teflon-lined petri dishes (molds) with 
90mm diameter and left to dry at room temperature. The petri dishes were covered with 
aluminum foil with small holes poked into it. 
Sample PNGEG75PhPh25 PNEPA75GEG25 PLGA 
1 25  75 
2 50  50 
3  25 75 
4  50 50 
5   100 
Table 1: Sample blend ratios by weight percent. All films contained of a total 
of 5g of base materials. 
 
Due to difficulties with processing the THF films, the chloroform films were used for 
degradation analysis. After drying, it was discovered that a significant number of what 
appeared to be salts formed on the PNGEGPhPh50PLGA50 sample. A second thin film 
was made from 3g of 50:50 material dissolved in 20 mL chloroform and left to dry. 
Discs were punched out of each of the films when dry using a 10mm diameter borer. 
20mL of gibco PBS pH 7.4(1x) phosphate buffered saline solution was added to each 
sample. The samples were placed in a hot water bath at 37oC. Samples were removed at 
2, 4, 8, 10, and 12-week time points. For the two-week samples, an Acumet basic AB15 
pH meter was used. For all subsequent time points, the pH of each sample was measured 
using a ThermoFischer Scientific Orion Star A211 pH meter. The meters were calibrated 
using a 4.01, 7.00, and 10.01 pH solution before each test. The electrode was rinsed with 
DI water between each measurement within blend groups. Between blend groups, the 
electrode was rinsed with alcohol, wiped with a Kimwipe, then rinsed with DI water. 
After measuring pH, the bulk of the remaining buffer solution was poured out. The 
samples were covered in aluminum foil with holes poked into the top, relabeled, and left 
to dry in a Shel Lab vacuum at approximately 5 in-Hg for several days. After drying, the 
samples were massed, and taken for FTIR. For those samples that retained a disc shape, 
SEM was performed.  
FTIR testing was performed on dried samples using a Nicolet Magna 560 FTIR, Specac 
ATR Module (Diamond) device. The software used for recording data was Nicolet 
Omnic v7.2. The resolution was set to 4 cm-1 with 32 scans to be performed. The material 
was loaded directly onto the crystal, and compressed with the anvil. Two measurements 
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were collected for each sample, and between each collection, the stage was cleaned with 
acetone and a kimwipe [25].  
For a visual representation of the procedure, see Figure 1. 
Initial Steps 
 
At Each Timepoint 
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RESULTS AND DISCUSSION 
THIN FILM SYNTHESIS 
Prior to this study, several methods of film synthesis were investigated. Initially, one 
gram of material was dissolved in 14.5mL of chloroform or THF and left to dry. 
However, difficulties with desirable evaporation and film thickness led to a higher ratio 
of material to liquid being used. Overall, the blends saw greater miscibility in when 
dissolved in chloroform rather than THF. Films cast from chloroform tended to show less 
clumps and more consistent coloring that those from THF. An example of film discs cast 
from chloroform is shown in Figure 2.  
 
Figure 2: Examples of thin films cast in the lab.  From left to right:  
PLGA, PNEPAGEG-PLGA, PNGEGPhPh-PLGA blends. 
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SAMPLE MASS DEGRADATION 
 
Figure 3: Decrease in sample mass over time. Issues with sample collection led to missing data for the ten-
week PNGEGPhPh blend sample, as well as the ten and twelve-week PLGA samples. The low value seen 
for the two week PNGEGPhPh PLGA 50:50 mass is due to the sample being massed after SEM analysis. 
It can be seen in Figure 3 that the PNGEGPhPh-PLGA blends degraded much more 
slowly than the other samples – visually, they retained their shape better as well. The 
PNGEGPhPh-PLGA blends all stayed as discs, although they swelled in some areas and 
warped. It appears that with increasing PNGEGPhPh content, degradation can be 
significantly hindered. The PNEPAGEG-PLGA blends degraded more quickly than the 
PLGA alone, and although data is missing for the ten-twelve-week PLGA samples, the 
trends shown indicate that by week eight both the PLGA and PNEPAGEG-PLGA blend 
samples would have a nominal amount of material left. With increasing PNEPAGEG 
concentration, as opposed to PNGEGPhPh, degradation speed tended to increase.  
A few issues arose during the data collection process, which can be seen in Figures 1 and 
2. The eight and ten-week PLGA samples were too small to be seen and massed, leading 
to a lack of data in Figure 3. The ten-week PNGEGPhPh PLGA blends were both massed 
before fully dry, leading to a negative resulting mass. There is no data for the twelve-
week PLGA sample as the water bath dried out in the last week of the study, meaning the 











































SAMPLE ACIDITY CHANGES 
Figure 4A (Above): Change in sample pH over the twelve-week study. 
 
Figure 4B (Below): Standard deviation of sample pH for each timepoint. 
 0 Weeks 2 Weeks 4 Weeks 8 Weeks 10 Weeks 12 Weeks 
PLGA 0.000  0.990  0.042  0.035  0.028  N/A 
PNGEGPhPh PLGA 
25-75 0.000  0.707  0.021  0.021  0.071  0.035  
PNGEGPhPh PLGA 
50-50 0.000  0.990  0.014  0.014  0.021  0.028  
PNEPAGEG PLGA 
25-75 0.000  0.283  0.007  0.014  0.028  0.028  
PNEPAGEG PLGA 
50-50 
 0.000  0.071  0.021  0.007  0.014  0.042  
       
 
Figure 4A shows the change in pH value of the buffer solution over the course of the 
study. Initially, the PNGEGPhPh PLGA 25:75 blend showed the smallest increase in 
acidity, from pH 7.4 to pH 6.52. The PNEPAGEG PLGA 50:50 blend showed the largest 
initial drop in pH, hitting 3.85 after only two weeks, but it remained the most consistent 
and ended with a pH of 2.68, near the value of other samples. Overall, by the time the 
samples had spent four weeks in buffer solution, the difference in pH was negligible. This 
shows promise for decreasing pain from acidic byproducts at the sample insertion site 
during the first weeks of cell growth, but does not indicate long-term help in the realm of 
a twelve-week insertion.  
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From the analysis of pH and remaining sample mass over time, the PNGEGPhPh PLGA 
25:75 blend shows the most promise as a replacement for PLGA in applications for 
which a longer lasting scaffold is desired. However, it can be concluded that using the 
blends will not significantly affect acidity near the insertion site.  
This acidity result was vastly different than expected. In a study of the pure 
polyphosphazenes, both retained near-neutral pH values over the course of twelve weeks 
[1]. It was expected that blending the polyphosphazenes with PLGA would lead to some 
additional decrease in the sample pH, but not to the scale seen above. It is most likely that 
the data shown here is an outlier with some issues stemming from data collection. For 
each sample, only one pH value was taken, and the average of 2 samples was used for 
each datapoint. The standard deviations can be seen on the graph, and are listed below in 
Figure 4B. The greatest variation can be seen in the 2 week timepoint, with this leveling 
out to almost no deviation between values by the fourth week of the study. Results of an 
additional study collected by Dr. Kenneth Ogueri are shown below in Figure 5, which 
was collected in triplicate and showed results more in line with theory. 
 
Figure 5: Change in sample pH over time collected by Dr. Kenneth Ogueri . 
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FTIR DEGRADATION WITHIN BLEND GROUPS 
 
Figure 6: % transmittance of the PLGA samples over the course of the study. No data was collected at the 
four-week time point due to too little sample remaining for testing to be run. By the ten-week mark, so little 
sample remained that it could not be visibly seen, making testing impossible. 
 
Figure 7: % transmittance of the PNGEGPhPh PLGA 50-50 samples over the course of the study. The 




Figure 8: % transmittance of the PNGEGPhPh PLGA 25-75 samples over the course of the study. 
 
 




Figure 10: % transmittance of the PNEPAGEG PLGA 25-75 samples over the course of the study. 
 
For all samples, it can be seen from the FTIR graphs that degradation first occurs at the 
intermolecular hydrogen bonds. As time passes, the esters present break down into 
carboxylic acid and ethanol. An increase in both intermolecularly and intramolecularly 
bonded alcohols can also be seen due to the increasing presence of a broad beak centered 
near 3300 cm-1 and double peaks near 2900 cm-1, respectively. For all samples, the 
increase in intensity of a double peak near 2800 cm-1 later in the study is likely due to the 
separation of PLGA and the blend material as degradation continues. The PLGA has an 
especially strong carboxylic acid peak, as can be seen in Figure 6. 
 
The PNGEGPhPh PLGA 50-50 in Figure 7 data was inconsistent and difficult to read. 
The ten-week sample was incompletely dried before being analyzed, which led to an 
unreadable sample that will be ignored. While more data should be collected before finite 
conclusions are drawn, there seems to be an increase in the presence of alcohol groups 
until the eight-week timepoint, with a dropoff again near twelve weeks. There is a 
significant amount of noise near the carboxylic acid region, making it difficult to draw 
any real conclusions about the degradation process. It is expected, however, that 
degradation would occur similarly to the PNGEGPhPh PLGA 25-75 samples. 
 
For the PNGEGPhPh PLGA 25-75 samples shown in Figure 8, a clear increase over time 
in the presence of alcohols along with a decreasing presence of the carboxylic acid 
monomer can be seen.  
 
For the PNEPAGEG PLGA 50-50 samples in Figure 9, a consistent decrease in the 
presence of the carboxylic acid monomer around 1740 cm-1 can be seen. This indicates a 
rapid breakdown of the bonds beginning at the two-week time point. It is likely that the 
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increased presence of the PNEPAGEG in this sample is responsible for the degradation 
speed, which is backed up by the sample having the quickest mass loss in Figure 3.  
 
For the PNEPAGEG PLGA 25-75 samples in Figure 10, an increasing presence of the 
carboxylic acid monomer was expected to be seen with the increase in intensity of the 
peak around 1740 cm-1. While this can roughly be seen, it fluctuates heavily throughout 
the time points. This is unexpectedly different from the PNEPAGEG PLGA 50-50 
blends. The increasing presence of a broad peak in the range of 3300 cm-1 indicates the 
increasing molecular bonding of the secondary amine. Over time, the intermolecular 
bonds between alcohols, primary amines, and secondary amines became intramolecular 
and generated peak shifts as they began sticking to themselves.  
 
CROSS-SAMPLE FTIR DEGRADATION 
 




Figure 12: % transmittance of the 2-week samples. 
 
 




Figure 14: % transmittance of the eight-week samples. 
 
 
Figure 15: % transmittance of the ten-week samples. The flat line of the PNGEGPhPh PLGA 50-50 is due 




Figure 16: % transmittance of the twelve-week samples. 
 
 
With the exception of the PNEPAGEG PLGA 25-75, the FTIR results for all the blends 
were similar at 0 weeks, as can be seen in Figure 11. They appeared similar to the PLGA 
as well, with slightly less intense peaks. After the two and four week time points passed, 
the FTIR results shown in Figures 12 and 13 showed differentiation between blend 
groups but significant similarities within groups. These continued throughout the study, 
with the exception of the ten-week samples in Figure 15, which saw an issue with data 
collection. 
 
The FTIR and mass loss data collected for the PNEPAGEG PLGA 25-75 samples 
seemed to conflict with each other with regards to degradation speed. It was expected that 
due to the rapid mass loss an increase in the presence of alcohols would be immediately 
visible; however, the presence of alcohols was not detected until the eight-week 
timepoint. The outcome is further convoluted when data on acidity change is analyzed, as 
the sample maintains the second highest pH of all samples at the two-week mark. Before 
any conclusions can be drawn, further experimentation should be done to confirm if the 
data is correctly correlated. A possible explanation for the lack of alcohols present in the 
FTIR graph could be that the byproduct of the main degradation mechanism was 
carboxylic acid. This would be justified through the carboxylic acid peak beginning to 
recede earlier when compared to the PNGEGPhPh blend samples at eight weeks (see 
Figure 14).  
 
The PNEPAGEG PLGA 50-50 samples saw similar degradation to the 25-75 blend 
samples, although its results of mass drop and acidity change are more easily correlated. 
The PNEPAGEG PLGA 50-50 sample lost both the most mass and saw the steepest 
initial decline in pH. The FTIR data conflicts in the same way as above, however, further 
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reinforcing the idea that the presence of PNEPAGEG in the blend leads to degradation 
mechanisms involving the production of carboxylic acid. 
 
With regards to the PNGEGPhPh blends, the FTIR results were extremely similar 
throughout the first four weeks of the study. Slight differentiation began to occur around 
week eight, with the carboxylic acid peak becoming a shorter, double peak for the 25-75 
samples. No conclusions can be drawn about the ten-week samples in Figure 15 due to 
the faulty 50-50 blend data, but the twelve-week results in Figure 16 are once again 
nearly identical. This indicates that increasing the presence of PNGEGPhPh in the 
samples had minimal effect on the degradation pathways followed by the material.  
 
 




The soft peak between 1600 and 1700 cm-1 is of special interest between the two blends. 
As can be seen in Figure 17, a shallow, broad peak is present for the PNGEGPhPh-PLGA 
samples at both the eight and twelve-week timepoints, while it is largely absent for the 
PNEPAGEG-PLGA samples. This is believed to indicate the presence of intramolecular 
H-bonded carbonyl groups and is due to the two materials following different degradation 
pathways [2]. The PNGEGPhPh-PLGA blends are believed to form intramolecularly 
bonded polymer spheres, while the PNEPAGEG-PLGA do not. 
 
The aforementioned shallow peak is slightly present in the 12 week PNEPAGEG-PLGA 
50-50 sample as well, both in this study and another carried out by the group [2]. This 
could indicate that after longer periods of time the PNEPAGEG-PLGA begins following 
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the same degradation pathways as the PNGEGPhPh-PLGA blends, although this cannot 
be concluded without further studies over a longer period of time. 
 
Between all samples, a significant increase in the presence of alcohol and decrease in the 
presence of carboxylic acid can be seen for the blends compared to pure PLGA. As 
alcohols are a weaker acid than carboxylic acid, this is promising in terms of an expected 
decrease in irritation near implantation sites. Since the data on sample acidity dropped 
rapidly, with minimal differentiation seen between samples by the four-week mark, more 
tests should be done in a larger amount of buffer solution – a lower concentration of 
sample should lead to slower pH changes.  
 
CONCLUSION 
SUMMARY OF RESULTS 
The PNGEGPhPh PLGA blends stayed largely intact throughout most of the study, with 
the 50-50 blend seeing a less than 40% mass loss and the 25-75 blend losing just over 
60% of its mass. The PNEPAGEG PLGA blends degraded slightly slower than the pure 
PLGA, although once four weeks had elapsed, these blends and the pure PLGA all saw 
approximately 10% of the original mass remaining. Initially, the 25-75 polyphosphazene-
PLGA blends saw pH values remain closer to neutral, but all samples leveled out to 
nearly the same pH by week four. The main degradation pathways for all samples seemed 
to begin at the intermolecular hydrogen bonds, with all blend samples ultimately seeing a 
separation of polyphosphazene and PLGA. Later on in the study, however, it became 
evident that different degradation pathways were followed by each blend, with the 
PNGEGPhPh-PLGA materials forming polymer microspheres while the PNEPAGEG-
PLGA materials did not [2]. All blend samples saw a decrease of carboxylic acid and 
increase of alcohols present relative to the pure PLGA, which is promising in terms of 
decreasing acidity. While these acidity results were not seen in this study, they were seen 
in an additional study conducted by the lab. It is likely that using a larger buffer solution 
environment and more statistically sound methods of data collection would lead to more 
aligned FTIR and pH data. From the FTIR and mass loss data seen in this study, utilizing 
the PNGEGPhPh-PLGA or PNEPAGEG-PLGA blends would lead to slower degradation 
and decreased acidity from PLGA alone.  
FUTURE RESEARCH 
To confirm the results of this lab, the entire process outlined here should be repeated 
several times. It would be helpful to supplement with gel permeation chromatography 
data as well – this would provide more information on the degradation pathways, 
specifically the breakdown of the polyphosphazene backbone, and help confirm the 
interpretation of the FTIR data [6]. As discussed in the introduction, there are far more 
properties that play a role in biocompatibility than just degradability. Films should be 
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mechanically tested to gather information on tensile and compressive yield strengths as 
well as elastic modulus. Additionally, wettability of the base materials should be tested. It 
would also be interesting to conduct similar testing on 75% polyphosphazene, 25% 
PLGA blends.  
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